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Ciicuit atrangemeat 

H 01 



The invention relaites to a ciituit arrangement for operating a high pressure 
discharge lamp, equipped with a DC-AC-converter comprising 

iiq>ut t ermin als fiir comection to a supply voltage source for supplying a first 

DC voltage, 

S - a first series arrangement of a first and a second switching element coi^led 

between the input terminals, 

- a first control circuit coupled to respective control electrodes of the first and 
second switching element, for controlling the conductive state of fiie first and second 
switching element^ 

10 - a load circuit sbunting one of the switching elem^ts and comprising a first 

inductive elanent and terminals for lan^ connection. 

Such a circuit arrangement is well known. The DC-AC-converter is of the 
bridge type. During stationary opCTation of the lamp, the switching elements are controlled in 

15 - such a way that the resulting lamp currrat is a low frequency substantially square wave 
shaped AC current. It has been found that such a current shape allows an efficient and 
dependable operation of the lamp. The known circuit is often equipped with a pulse igniter. 
The time lapse between successive pulses is generally so long that the lamp has to ignite 
under the influence of a single pulse since charge carriers in the lamp, generated by an 

20 ignition pulse have dis^peared by the time the next ignition pulse is generated. Since the 

lamp has to ignite on a single ignition pulse, the anq)litude and the width of this pulse need to 
be comparatively high. As a consequence the coniponents making up the pulse igniter are 
bulky and eiqpensive. An alternative possibility to ignite the lamp is to place a resonant 
capacitor in parallel with the lamp and rend^ the first and second switching elements 

25 alternately conductive and non-conductive at a high fiequency to thereby generate an AC 
voltage with a comparatively high aniplitude over the lamp. However, for the voltage over 
the lamp to have a high enough amplitude, the bridge switches need to be operated at a 
frequency that is close to the resonance J&equency of the load circuit of the DC-AC- 
converter. Furfhemiore, this requires that the first control circuit con^iises additional 
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circuitry to realize protection against capacitive operation. As a result the first cootrol circuit 

• becomes very complex. 

The invention aims to provide a circuit arrangement for operating a high 
5 pressure discharge lamp comprising means for igniting the lamp that ensure an effective 
ignition of the lamp and are comparatively simple and small. 

A circuit arrangement as mentioned in the opening paragraph is therefor 
according to flie invention charactOTzed in.that the circuit arrangement is further equipped 
with 

IQ , , a resonant capacitive element coupled between the terminals for lan^ - 

connection, 

- a second inductive element coupled in series with the resonant cs^adtive 

element, 

- a third switching element coupled between a terminal of the second inductive 
1 5 element and one of the ii^ut traninals, and 

- a second control circuit coupled to a control electrode of the third switching 
element for rendering the thkd switdring element altematmgly conductive and non- 
conductive with frequency f and thereby generating an AC ignition voltage over the resonant 
capacitive element 

20 The resonant capacitor, second inductive element, third switching elemCTt and 

the second control circuit together form a separate resonant igniter. It has been found that the 
lamp ignition can be realized in a dependable and effective way making use of this separate 
resonant igniter. Furtheimore, the control circuitry comprised in the second control circuit 

• can be comparatively simple. 

25 Good results have been obtained for embodiments of a circuit arrangemrat 

according to the invention that are further equipped with an auxiliary power supply for 
supplying a second DC voltage, respective poles of the auxiliary power simply being coupled 
to respective main electrodes of the third switching element 

Good results have also been obtained for embodiments of a drcuit 

30 arrangement according to the invention, wherein the second inductive element comprises a 
transforaier equipped with a primary winding that is coupled between the third switching 
element and an iapat terminal and a secondary winding coupled ia series with the terminals 
for lanq> coimection. 
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A effective use of the second inductive element is achieved in 
embodiments of a dicuit arrangement according to fhe invention, wherein part of the second 
inductive elemoxt is part of a fQter comprised in the circuit arrangement 

In a first preferred embodiment of a circuit arrangement according to the 
invention, the first and second switching element eitha: comprise a diode or are each shunted 
by a diode, the DC-AC converter comprises a half bridge circuit and the first control circuit is 
equipped with means for altematingly at a low firequency operating the circuit arrangement in 
a first and a second operating state^ wberein in the first operating state the first switching 
element is rendered conductive and non-conductive at a high firequency while the second 
switching elonent is maintained in a Jion-conductive state, and wherein in the second 
operating state the second switching element is rendered conductive and non-conductive at a 
high firequency while the first switching elemait is maintained in a non-conductive state. The 
first ai^ secoiKl opa»ting state coiT^ond to a mode of opontion of the circuit arrangement 
commonly lefored to as *'commutating fiuwaid operation". The commutating forward 
operation allows an effective control of the lamp current during stationary lamp opoation. 

In a second preferred embodimoit the DC-AC-converter comprises a fiiU 
bridge ckcuit equipped with a second seri^ axran^nent of a fourth and a fiflJi switching 
elem&at that is coupled between the ioput terminals, and means conqnised in the first control 
circuit coiq>led to control electrodes of tiie fourth and fiflh switching element,.for controlling 
the conductive state of the fourth and fiflh switching element, and wherein the first control 
dicuit is equipped wifli means for altematingly at a low firequency opemting the circuit 
arrangement in a first or a second operating state, wherein in the first operating state one of 
tiie switching elements in each of the series arrangements is maintained non-conductive while 
of the two remaining switching elements one is maintained conductive and the other is 
rendered conductive and non-conductive at a high firequency, and wherein in the second 
operating state one of the switching elements that were non-conductive in tiie first state is 
maintamed conductive while the oflier is rendered conductive and non-conductive at a hi^ 
fiequency and the other two switching elements ate maintained non-conductive, and wherein 
tiie switching elements, that are in series wifli those switching elements that are opraated at a 
high firequency in one of the operating states, dtiier comprise a diode or are each shunted by 
a diode. Also in tiiis second preferred embodiment during tiie first and second operating state 
the circuit airangemait is operated in tiie conunutating fbrv^ mode. 

In case the third switdiing element is rendered conductive during each period 
of file ignition voltage tiie fiequency of tiie AC ignition voltage equals flie frequency f of tiie 
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second control signal. In this case the ampUtude of the AC ignition voltage is comparatively 
high and is constant Alternatively the third switching element can be rendered conductive 
only once in every n periods of the ignition voltage, n being a natural nmnber bigger than or 
equal to 2. In this latter case the average ampUtude of the AC ignition voltage is lower and 

5 the frequency of the AC ignition voltage is n * £ During the periods of the AC ignition 

voltage in which the third switching element is not rendered conductive, the amplitude of the 
AC ignition voltage decreases exponentially It has been found that good results are obtained 
whCTi the frequency of the second control signal is chosen so that the anq)Htude of the AC 
ignition voltage is always bigger than half its maximum value. 

10 . Aflerahighpressure discharge lamp has ignitedi a short-time interval follows 

during which the discharge in ihe lamp is stabilizing. This short time interval is usually 
referred to as the **take ovef or "take over phase»* of the lamp. During the take over the lamp 
voltage often changes randomly between Wgh and low values. For this reason the drcuit 
arrangement needs to be dimensioned so that it has a relatively high open circuit voltage. It 

15 has been found, however, that m case the second control circuit keeps rendering the fhhd 
switching element conductive and non-conductive after ignition of the lamp, during take 
over, a good take over behavior could be realized, even when the circuit arrangement was not 
dimensioned to generate a high open (drcuit voltage. A good take overbehavior means that 
after ignition the lamp does not extinguish but (he discharge is maintained in the majority of 

20 ignition attempts, so that the lamp progresses through the take over and the run up phase to 
stationary operation. To realize such good take over behavior the second control drcuit is 
preferably equipped with means for detecting the end of the take over phase. In the first part 
of the run-up phase following the take over phase, tiie lamp voltage is low and comparatively 
stable. Therefor the means for detecting the end of the take over phase can for instance 

25 comprise means for determining whether the lamp voltage has been higher than a 

predetermined value m a predetermined time interval. When no lamp voltage higher tiian the 
predetrammed vahie is detected in the predetermined time interval the second control circuit 
switches off smce the take over phase has passed and the laxap is m the run-up phase. 



30 



Btnbodiments of Ihe invention will be explained making reference to a 

drawmg. In the drawing 

Kg. 1 ^ows a first embodiment of adrcuit arrangement according to the 

imrmtion with a lanq> connected to it, and 
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Fig. 2 shows a second embodiment of a ciicuit airangement accoiding to the 
inventioa with a lamp cciinected to it 

In Fig. 1, Kl and K2 are isxpxA terminals for coimection to a sapply yoUage 
sotttce for supplying a first DC voltage. lapvt terminals Kl and K2 are connected by means 
of a series arranganent of a first switehiiig element Tl and a second switohing element T2. 
The first switeWng element Tl is shunted by a diode Dl and the second switching element 
T2 is shunted by a diode D2. It is noted that in case the switohing elem^ are for mstance 
MOSHBTS, Ihcy comprise hitemal diodes so that external diodes shunting the switching 
elements can be dispensed with. Circuit part CGI forms a first control dicuit for controlling 
the conductive state of the first switching element Tl and the second switehmg element T2. 
Respective output terminals of circuit part CCl are connected to a control electrode of the 
first swittAing element Tl and to a control electrode of the second switohing element T2. 
Input tetmmals Kl and K2 are also connected by a series arrangement of c^acitors Crl and 
Cr2 and by a series arrangement of ct^jacitors Csl and Cs2. A common terminal of the first 
switching elemait Tl and the second switching element T2 is connected to a conmion 
terminal of c^acitors Crl and Cr2 by means of an inductor LI. hi ttie embodiment shown in 
Fig. 1, inductor LI forms a first inductive element The common terminal of capacitors Crl 
and Cr2 is connected to a common teimmal of capacitors Csl and Cs2 by means of a series 
arrangement of lamp connection terminal KB, high pressure discharge lamp La, lamp 
connection terminal K4 and inductor L2. Lamp connection terminals K3 and K4 are 
connected by means of a capacitor Cres. hi the embodiment shown in Fig. 1, lamp connection 
terminals K3 and K4, capacitors Cres and Cs2 and inductors LI and L2 together form a load 
circuit shunting the second switching element T2. Inductor L2 and c^adtor Cres form a 
second inductive element and a resonant capacitive element respectively. Inductor L2 also 
forms a filter together with c^acitors Crl and Cr2. Inductor L2 is an autotraHsformer and is 

equipped with a first tennmal K5 at a first end of inductor L2 and connected to lanq> 
coimection terminal K4, a second terminal K6 at a second end of mductor L2 and connected 
to the common terminal of «q)aoitors Csl and Cs2 and a third taminal K7 situated between 
the first terminal termmal K5 and flie second tammal K6. A third switohing element T3 is 
coiq)led between flie fimd terminal K7 of inductor L2 and iriput terminal K2. Circuit part 
CC2 is a second control drcuit for rendering the third switehmg elemcait T3 altematingly 
conductive and non-conductive wifli fi«queacyf and flieiebygen«ating an AC ignition 
voltage over the c^acitor Cres. An ou^ut terminal of circuit part CC2 is coupled to a control 
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electrode of the third switching elemeat T3. An input terminal of circuit part CC2 is coupled 
to the lanq) La. m Fig. 1 both these couplings are indicated by means of a dotted Une. Circuit 
part APS is an auxiHaiy power sapply £br supplying a second DC voltage. Circuit part APS 

shunts cs^acitor C^. 

The operation of the circuit arrangement shown in Fig. 1 is as follows. 
When fte high pressure discharge lamp La is not yet ignited, dicuit part CC2 
tenders the third switching element T3 altematingly conductive and non-conductive with 
frequency £ As a consequence the auxiliary power supply APS causes an AC current to flow 
through inductor L2 and capacitor Cres and an AC ignition voltage to be present across «ie 
_ capadtorCres.menflnsACigDi1ionvoltageismaintMnedduringac^^ ' 

time l^se, the high pressure discharge lamp wiU be ignited by it. After ignition of the lamp 
thecircuitpartCC2keepsrenderingthefhirdswitohingelemfintconductiveandnon- 
conductive with frequency f, so that a current fimmgh the lamp La with fr^uency f ^ 
generated. AdditionaUy, the circuitpartCCl altematingly at a low frequency controls the 
15 operation of the circuit arrangement in a first and a second operating state, wher«n in the 

first operating state the first switching element Tl is rendered conductive and non-conductive 
at a hi^ frequency while the second switching element is maintained in a non-conductive 
state, and wherem in the second operating state the second switching element T2 is rendered 
conductive and non-conductive at a high frequency while the first switching element is 

20 maintainedinanon-conductive state..This operation is commonly referred to as coimnutating 
forward and as atesutt of this operation a low frequency substantially rectangular lamp 
current is generated. The filter formed by inductor L2 and capacitors Crl and Cr2 suppresses 
the interference that is gaieiated by the high frequency ripple that is comprised in the lamp 
current The second control circuit CG2 comprises circuitry for detecting whether the lamp 

25 voltageacrosathelanq)i:AhasbeenMgher1hanapredet6rminedvalueinapredeter^ 
time interval When it is detected that the lamp voltage has not been higher than the 
piedetermined value in the predetermined time interval, the second control circuit maintains 
the third switching element T3 in a non-conductive state. The lamp La is in the runrup phase 
and it is siqipKed only with the low firequaicy substantially rectangular current generated by 

30 the first contiol drcuit CCl and the first and second switching elements Tl and T2. 

In Fig. 2 drcuit parts and conaponents that fdiSl the same fimctioa as 
corresponding circuit parts and components in Ihe circuit arrangement in Fig. 1 are labeled 
with the same references. 
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Kl and K2 are input terminals for connection to a siq>ply voltage source for 
supplying a first DC voltage. Liput terminals Kl and K2 are connected by means of a series 
arrangement of a first switching element Tl and a second switching element T2. The first • 
switching element Tl is shunted by a diode Dl and the second switching element T2 is 
shunted by a diode D2. Orcuit part CCl forms a first control circuit for controlling the 
conductive state of the first switching element Tl and the second switching element T2. 
Respective output terminals of circuit part CCl are connected to a control electrode of the 
first switching element Tl and to a control electrode of the second switching elemeat T2. 
hiput terminals Kl and K2 are also connected by a series arrangement of capacitors Crl and 
Cr2, by a series arrangement of c^acitors CrS and Cr4 and by a series arrangement of a 
fourth switching element T4 and a fifth switching element T5. The fourth switching elemeirt 
T4 is diuntedby a diode D3 and the fiflh switching elemoit T5 is shunted by a diode D4. 
Respective ou^ut terminals of circuit part CCl are connected to a control electrode of fee 
fourth switching element T4 and the fifth switching element T5. A common taminal of the 
first switching element Tl and the second switching element T2 is connecled to a common 
terminal of capacitors Cr 1 and Cr2 by means of an inductor LI . In the embodiment shown in ; 
Kg 2, inductor LI forms a first inductive element The common terminal of capacitors Crl 
and Cr2 is connected to a common terminal of c^acitors Cr3 and Cr4 and to a common 
terminal of the fourth switching element T4 and the fifth switching element T5 by means of a 

series arrangement of lamp connection terminal K3, high pressure discharge lamp La, lamp 
connection terminal K4 and a secondary winding Ls of transformer L2. Transformer L2 
forms a second inductive element and comprises a primary windmg Lp in addition to tiie 
secondary winding Ls. Lamp connection terminals K3 and K4 are connected by means of a 
capacitor Ores. In flxe embodiment shown in Fig. 2, lamp connection terminals K3 and K4, 
capacitor Cres, inductors LI and L2 and fifth switching element T5 together form a load ' 
circuit shunting the second switching element T2. Inductor L2 and c^acitor Cres form a 
second inductive element and axesonant capacitive element respectively. Inductor LI forms a 
ballastchokeduringstationaryoperationofflrecircuitairangementbutalso formsafilter 
together witii capacitors Crl and 02. Similarly secondary winding Ls and capacitors Cr3 and 
Cr4 also form a filter. Input terminals Kl and K2 are also connected by means of a series 
arrangement of primary windmg Lp and a tirird switching element T3 . Circuit part CC2 is a 
second control dicuitforrendering the third switching element T3 altematingly conductive 
and nouKJonductive with firequency f and ther^y generating an AC ignition voltage over the 
c^acitor Cres. An output terminal of circuit part CC2 is coupled to a control electrode of the 
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third switching element T3. An. input temunal of drccdtpart CC2 is coiipledto the lamp La. 
InFig.2boththesecouplingsareindicatedbymeansofdottedlinfiS. 

The operation of the circuit arrangement shown in Fig. 2 is as foUows. 
When the input terminals Kl and K2 are connected to a supply voltage source supplying a 
first DC voltage and the high pressure discharge lamp La has not yet ignited, circuit part CC2 
renders the iWid switching element T3 altematingly conductive and non-conductive with 
frequency f. As a consequence an AC current is caused to flow Ihrough secondary winding 
Ls and capacitat Cres and an AC ignition voltage is present across the capacitor Cres. When 
this AC ignition voltage is maintained during a conq»aratively short time lapse, the high 
, press«redisdiargelanq,Lawinbeignitedbyit.Afler4gnitionofthel^ 

CC2 keeps rendering &e flmd switching element conductive and non-conductive with 
frequency f, so that a current ftrou^ the lamp La with frequency f is generated. 
Additionally, the circuit part CCl altematingly at a low frequency controls the operation of 
the circuit arrangement in a first and a second operating state, wherdn in the first operating 
state the second switching element T2 and the fourth switching element T4 aremaintained 
non-conductive while the fifth switching elem«itT5 is maintained conductive and the first 
switching element Tl is rendered conductive and non-conductive at a high frequency, and 
wherein m the second operating state the first switching el«nent Tl and the fifth switching 
element T5 are maintained non-conductive while the fourfli switching elemait T4 is 
.xnaintained conductive and the second switching element T2 is rendered conductive and non- 
conductive at a high frequency. This operation is commonly referred to as "commutating 
forward" and as a result of this operation a low frequency substantially rectangular lamp 
current is generated. The filter formed by secondary winding of inductor L2 together with 
capacitors Cr3 and Cr4 also suppresses the interference caused by the high frequency ripple 
25 comprisedinthelampcurrentThesecondcontrolcircuitCC2comprisescircuitryfor • 
detecting whstherihe lamp voltage across the lamp La has been higher than a predetermined 
vahie in a predetermined time interval. When it is .detected that the lamp voltage has not been 
hi^er than thepredetermined value in the predetermined time interval, the second control 
circuit maintaiis the third switching element T3 in anon-conductive state. The lamp La is in 
3 0 the run-up phase and it is suppHed only with tiie low frequency substantially rectangular 
current generated by toe first control circuit CCl and the first, second, fourth and fifrh 
switching elements Tl, T2, T4 and T5. 

The AC ignition voltage generated m the circuit arrangement shown in Fig. 1 
or the circuit arrangemoit shown in Fig. 2 generally has a fi^quency fliat is approximately 
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equal to the resonance frequency of Ihe inductor 15 and the c^acitor Cres. The circuit 
axrangements are so designed that the resonance frequency of inductor L2 and capacitor Cies 
is a multiple of the frequency f of the control signal generated by the second control circuit 
(circuit part CC2). In case the tibird switching element T3 is rendered conductive during part 
5 of each period of the AC ignition voltage, the amplitude of the AC ignition voltage is 
constant and comparatively high. In case the third switching element T3 is rendered 
conductive only once in every n periods of the ignition voltage, n being a natural number 
bigger than or equal to 2, the average ampHtude of the AC ignition voltage is lower and Ihe 
frequency of the AC ignition voltage is n * f During the periods of flie AC ignition voltage in 
10 which the third switching element is not rendered conductive the anq»litude of the AC 

ignition voltage decreases exponentially. In flns latter case the average ampKtude of the AC 
ignition voltage can be chosoi so as to mateh the value required by a certain pressure 
discharge lamp. 
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CLAIMS: U. 01 



2003 



^' anangemait for operating a high pressure discharge lamp, equipped 

with a DC-AC-convertw coiiq)rising 

- input terminals for connectioa to a supply voltage source for supplying a first 

DC voltage, 

- a first series airanganent of a first and a second switching element coupled 
between the iiq>ut terminals, 

- a first control circuit, coupled to respective control electrodes of the first and 
second switching element, for controlling the conductive state of the first and second 
switching element, 

- a load circuit shunting one of the switching elements and comprising a first 
inductive element and terminals for lamp connection, 

characterized in that the circuit arrangement is further equipped with 

- a resonant c^acitive element coiqjled between the terminals for lan^ 

connection, 

- a second mductive element coupled m series with the resonant capacitive 

element 

- a third switching element coiq)led between a terminal of the second inductive 
elemoit and one of ttie input terminals, and 

- a second control circuit coiq)led to a control electrode of the third switching 
demeait for rendering the third switching element altematingly conductive and non- 
conductive with firequeocy f and thereby generating an AC ignition voltage over the resonant 
cspsdtxve element 

2. ^^»^t«^ement as claimed in claiml, wherein the circuit 

fimha: equipped with an auxiliary power siq)ply for supplying a second DC voltage, 
respective poles of the auxiliary power supply being coupled to respective main elec!trodes of 
the third switching element. 



10 
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3 Circuit airangemeat as claimed in claim 1, wherein the second indnctive 

element comprises a transformer equipped i«atii a primary winding that is coi^led between 
the third switching clement and an input terminal and a secondary winding coupled in series 
•with the teraiinals for lanq> coimection. 

4. Circuit arrangement as claimed in claim 1, wherein a part of the second 
inductive element is part of a fflter comprised in the circuit arrangement 

5. crccuit arrangement as claimed in claim 1. wherein the first and second 
switching element dflier comprise a diode or are each shunted by a diode, wherein the DC - 
AC converts comprises a half bridge circuit and tii© first control drcnit is equipped with 
means for altematingly at a low frequency operating the circuit arrangement in a first and a 
second operating state, wherdn in.ihe first operating state the first switching element is 
rendered conductive and non-conductive at a high frequency while flie second switching 
element is maintained in a non-conductive state, and wherein in the second operating state 
the second switching element is tendered conductive and non-conductive at ahi^ frequency 
whUe flie first switching element is maintained in a non-conductive state. 

6. Circuit arrangement as clahned m claim 1, wheran the DC^AC-converter 

20 comprises a fidl bridge circuit equipped with a second series . arrangement of a fourth and a 
fifth switching element that is coupled between the iiqjut terminals, wherem and equipped 
with means comprised in the first control circuit coiq>led to control electrodes of the fourth 
and fifth switchmg element, for controllmg the conductive state of the fourth and fiffli 
switching element, and wherein the first control circuit is equipped with means for 
25 altematingly at a low frequency operating the circuit arrangement in a first or a second 

operating state, whaein in the first operating state one of the switchmg elements in each of 
tiie series aaangemente is maintained non-conductive T^^e of the two remaining switching 
elements one is nwintained conductive and the other is rendered conductive and non- 
conductive at a high frequency, and wherein in the second operating state one of the 
30 switching elements that were non-conductive in the first state is maintained conductive while 
the ofh« is rendered conductive and nonKX>nductive at a high frequency and the other two 
switching elements are maintained non-conductive, and wherein the switchmg elements, that 
are m series witix those switching elements that are operated at a high frequency m one of the 
operating states, eiflier conqnise a diode or are each shunted by a diode. 
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7. Circuit atrangement.gs claimed in clam» 1, wherein the frequency of flie AC 
ignition voltage is equal to £ 

8. Circuit ananganrait as claimed in claim 1, wherem the frequency of the AC 
ignition voltage is n * f, wherein n is a natural number bigger than or equal to 2. 

9. Circuit arrangement as claimed in claim 1, wherein the amplitude of the AC 
ignition voltage is constant. 

10. Circuit arrangement as claimed m claim 1, wherein the ampKtude of the AC 
ignitionvoltagehasamaxhnumvalueandisalwaysbiggerthanhalfaiemaximumvalue. 

11. Circuit arrangement as claimed in claim 1, wherem the second control dxcuit 
is preferably equipped with means for detectmg the end of the take o vw phase of the high 
pressure discharge lamp. 

12. Chxjuit arrangement accordmg to claim 1 1. wherem the means for detecting 
the end of the take over of the high pressure discharge lamp comprise means for detenninmg 
whether the himp voltage has been higher than a predetemrined vahie m a predetermmed time 
interval. 
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ABSTRACT: OQ 7 

® 

In a bridge circuit for operating a higih pressure discharge lamp an additional 
switching element, a control circuit for driving the additional switching element a resonaht 
inductor and a resonant capacitor are incorporated. The additional components together form 
a comparatively simple resonant igniter. The resonant inductor can be formed by part of a 
filter coniprised in the bridge. 

Fig.l 




FIG. 2 
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